Abstract. In this paper, the updating approach of the finite element model based on time domain response data is proposed. The model of response surface based on time domain is obtained by comparing the characteristics of time domain response of the test and the finite element model, and the functional relationship between the time domain response and structural parameters is established. Based on the response surface model, the parameters of the structural finite element model are modified by optimization calculation. In order to investigate the feasibility and accuracy of the approach, the general realization of the theory is explained by choosing the simply supported beam. The initial finite element model of the simply supported beam is modified, and the update results show that the finite element model updating based on time domain response can reduce the number of the finite element calculation, and improve the efficiency of the model optimization. The updated finite element model can more accurately reflect the mechanical properties of the actual structure, and can be used as the reference finite element model.
Introduction
The accurate model for predicting structural dynamic characteristics is significant. Due to the complexity of structures, numerical analysis can cause the error comparing with the real dynamic characteristics of structures [1, 2] . Consequently, it is necessary to update the models to reduce the error between test results and simulated values by finite element (FE) model updating.
For FE model updating, it is popular that updating models by establishing response surface functions based on modal parameters. In this method, the modal parameters of the structure are identified first. And the accuracy of model updating is directly influenced by the identification accuracy of modal parameters [3] . Unfortunately, most of identification approaches may induce errors to some extent. Establishing response surface functions based on frequency response functions can eliminate the errors efficiently and the updatable frequency brand is relatively larger. However, the degree of freedom (DOF) from test data is less than the DOF from the built model, which causes errors due to the incompleteness of dynamic test. The model updating approach by establishing response surface functions based on time domain using the original signals of time domain has advantage to avoid frequency truncation [4] . Up to now, the researches focusing on model updating approach based on transient responses are relatively little.
In this paper, the updating approach of the finite element model based on time domain response data is proposed. The model of response surface based on time domain is obtained by comparing the characteristics of time domain response of the test and the finite element model, and the functional relationship between the time domain response and structural parameters is established. Based on the response surface model, the parameters of the structural finite element model are modified by optimization calculation. In order to investigate the feasibility and accuracy of the approach, the general realization of the theory is explained by choosing the simply supported beam as case study. The initial finite element model of the simply supported beam was updated.
Rationale of Finite Element Model Updating of the Structures Based on Time Domain Data
The flowchart of FE model updating based on time domain response is shown in Fig. 1 [5] . In the process of model updating based on time domain responses, the residual of two kind of signals can be defined by comparing envelope signals or instantaneous frequency, which provides basis for iteration. The decomposition process of a random x(t) can be represented as the following [7] .
(1) Identify all local extreme of the original signals i n and get the average value of all adjacent extreme point.
Line all the i m points smoothly, and get the local mean value function 11 m (t) . (2) , and so on. How to choose the appropriate test points within the entire design space of parameters is crucial [8, 9] . Response surface fitting. The quadratic polynomial response surface model is selected.
where, Comparing the acceleration curves by the local mean decomposition (LMD), the residual is obtained using the 1 PF component of acceleration curves as the characteristic value. The test results based on BBD experimental design method are shown in Table 1 . Response surface function optimization. The optimization algorithm can be used to search the minimum residual value of response surface function. The search result and the error are shown in Table 2 . Comparison of test curve and FE analysis curve. The comparisons of test and FE analysis curve of time domain signal at node 3 and 5 are shown in Fig. 7 and 8, respectively .
By comparing the acceleration curves of the FE and the test model, the instantaneous amplitude and instantaneous frequency are very consistent.
Conclusions
In this paper, the response surface models are obtained by comparing the time domain response from the test model and the FE model. Based on response surface models, the parameter updating of FE model is realized by optimization algorithm. The results of a case study show that the FE model updating based on time domain data is reasonable and feasible. Comparing to the methods to update the FE model based on frequency response and modal parameters, the proposed approach can decrease computation time and improve the efficiency of FE model updating. The updated FE model can reflect the mechanical performance of the structure more accurately. Thus it can serve as the baseline for further damage detection and condition assessment.
